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CURRENTLY IN THE US, one in five pregnant women is obese, which is associated with increased perinatal mortality and morbidity and a fivefold increase in the average cost of prenatal care and hospital stay (12, 20, 28) . Maternal complications in both overweight and obese women include development of gestational diabetes (GDM), preeclampsia, increased miscarriages and preterm births, poor labor progression, and failed spontaneous term deliveries (15, 28, 44) . Because of the failure to deliver spontaneously in obese mothers, the number of postterm labor inductions and cesarean deliveries is high. The increased number of cesarean sections cannot be explained by an increased infant birth weight (44) . These pregnancy-associated complications observed in obese women suggest that maternal obesity has a significant impact on myometrium, which is due possibly to abnormal uterine smooth muscle function. This notion is supported by the finding that both the force and frequency of spontaneous contractions are markedly decreased in myometrial strips (taken in the process of cesarean section at term) from overweight and obese women vs. underweight or normal-weight women (44) . However, the mechanisms underlying the reduced myometrial contractile function in obese pregnant women are not fully understood.
Initiation and completion of delivery require activation of multiple signaling pathways that promote myometrial contractility. One pathway that contributes significantly to contractility of myometrial smooth muscle is RhoA and/or Rho kinase signaling (3, 24, 35) . In smooth muscle, RhoA and Rho kinase regulate Ca 2ϩ sensitivity of contractile proteins by inhibiting myosin light chain phosphatase and dephosphorylation of myosin light chain. RhoA and both Rho kinase isoforms, ROCK1 and ROCK2, are expressed in myometrium, and their expression and/or activation are higher in uteri from late-term pregnant compared with nonpregnant (NP) human and animal models (3, 11, 24, 29, 34, 35 ). An increase in Rho kinase activity at term is thought to underlie the increase in myometrial contractions at this time, since inhibitors of Rho kinase activity dampen contractile responses (3) . These findings suggest that upregulation of RhoA and Rho kinase expression and/or activity accounts for the enhanced myometrial activity needed for successful delivery.
Pregnancy is known to affect multiple signaling pathways that could interface with the RhoA/ROCK signaling cascade to regulate myometrial contractility. Levels of leptin, a circulating adipocyte-derived hormone that regulates energy metabolism and appetite, increase during pregnancy due to both expansion of adipose tissue and release from the developing placenta (7, 10, 15, 21) . Leptin contributes to reproduction by regulating ovarian function, oocyte maturation, embryo development, and implantation (4) . Despite these contributions to reproduction, little attention has been given to the potential direct effect of the leptin regulation of myometrial function. Pregnant women who are overweight or obese or develop GDM all have high leptin levels and experience complications with parturition, frequently requiring a cesarean section (32, 41) . Polymorphisms in the leptin promoter, which is responsible for the expression of leptin specifically in adipose tissue, are associated with GDM (40) . Interestingly, mice heterozygous for a leptin receptor mutation that is expected to reduce expression of the long isoform develop GDM despite an elevation in leptin levels (19, 42, 43) . Although acute administration of leptin to isolated myometrial strips from mice decreases both spontaneous and oxytocin-induced contractions (31), the long-term effects of physiological concentrations of leptin on myometrial function and the mechanisms involved are unknown.
To explore the relationship between leptin and myometrial function during pregnancy, we tested the hypothesis that, in leptin receptor-deficient mice, myometrial contractility would be greater in late pregnancy due to increased Rho/Rho kinase activity. To test this hypothesis, we characterized expression of RhoA and Rho kinase, as well as Rho kinase-mediated contractile function, in myometrium from both NP and pregnant mice. These characterizations were done in mice with a mutation in the gene for the leptin receptor and wild-type (WT) mice. Maintaining these mice on normal or high-fat diets allowed us to study the effects of altered leptin expression separately from effects of hyperglycemia.
METHODS
Experimental model. All procedures complied with the Guide for the Care and Use of Laboratory Animals of the American Physiological Society. The protocol was reviewed and approved by both the Iowa City Veterans Affairs Health Care System and the University of Iowa Animal Care and Use Committees. Female C57BLKS/J (WT) and heterozygous leptin receptor-deficient mice (BKS.Cg-Dock7 m ϩ/ϩ Lepr db /J, db/ϩ) were obtained from Jackson Laboratories. WT mice were fed a normal mouse diet (ND; 4% kcal fat, 7001 Teklab Mouse/Rat Diet; Harlan Laboratories), whereas db/ϩ mice were fed either normal (ND; 4% kcal fat above or 6% kcal fat; 7013 NIH-31 Modified Open Formula Mouse Diet) or high-fat diet (HF; 45% kcal fat; Research Diets, D12451). In preliminary studies, db/ϩ mice fed the 4% fat diet did not demonstrate altered glucose utilization in late gestation (17, 42, 43) . Mice fed the 6% fat diet, which is considered to be within a normal range and used in the studies describing the gestational diabetes phenotype (43) , also did not demonstrate altered glucose utilization; thus data from mice on the 4 and 6% fat diets were combined. Mice fed the HF diet displayed abnormal glucose utilization and were analyzed separately. Mice were mated at 3-12 mo of age. The presence of a copulatory plug was used to identify day 0 of pregnancy. Prior to euthanasia with pentobarbital sodium (150 mg/kg ip), mice were weighed, and a glucose tolerance test was performed. A portion of the uterine tissue isolated from each mouse was used for tension recordings, or a separate sample was flash-frozen in liquid nitrogen for Western immunoblotting.
Glucose tolerance test. All mice were subjected to a glucose tolerance test following an overnight fast. A drop of blood was collected from the tail vein prior to glucose injection (2 mg/kg ip) and also at 15, 30, and 60 min postinjection. Glucose levels in each sample were measured with a hand-held glucometer.
Measurement of myometrial contractile function. For measurement of uterine contractile activity, uterine tissue was isolated and cut into 4 ϫ 8 mm strips in cold Krebs solution containing (in mM) 118.3 NaCl, 4.7 KCl, 1.2 MgSO 4, 1.2 KH2PO4, 25 NaHCO3, 2.5 CaCl2, and 11 glucose. Strips were mounted to force transducers in organ baths filled with oxygenated Krebs (95% O2, 5% CO2) solution at 37°C, and tension was recorded with a Powerlab data acquisition system (ADInstruments, Castle Hill, NSW, Australia). Basal tension (1 g) was applied to strips, and tissue was equilibrated for 30 -45 min prior to study. Maximal and steady-state levels of uterine contractions in response to KCl (80 mM) were measured before and 30 min after addition of the Rho kinase inhibitor H1152 (1 M). H1152 is a specific inhibitor of Rho kinase with minimal effects on serine/ threonine kinases, protein kinase A and C, and myosin light-chain kinase (2, 16, 36) .
Assessment of RhoA and Rho kinase expression by immunoblotting. Uteri were isolated and flash-frozen in liquid nitrogen, minced, and sonicated in buffer containing sucrose (25 mM), MOPS (50 mM), EDTA (2 mM), EGTA (2 mM), a Complete Protease Inhibitor tablet (Roche Molecular Biochemicals), NaF (50 mM), Na-pyrophosphate (20 mM), p-nitrophenyl phosphate (1 mM), and microcystin LR (1 M), pH 7.4. The homogenate was centrifuged at 14,000 g for 15 min at 4°C, and the supernatant was collected. Protein concentrations of whole cell lysate were determined by the bicinchoninic acid method, and equal amounts of protein (30 or 50 g) were separated by SDS-PAGE gel electrophoresis. After blocking in milk, immunoblotting was performed using anti-RhoA (1:100; Santa Cruz Biotechnology or BD Biosciences) or anti-ROCK1 and ROCK2 (1:500; BD Biosciences) in diluent followed by secondary antibodies conjugated with horseradish peroxidase. Immunoreactivity was visualized with enhanced chemiluminescence. Blots were digitized and normalized to ␤-actin (Sigma-Aldrich) for comparison (NIH Image).
Materials. Unless otherwise noted, all chemicals were purchased from Fisher Scientific Research Products and Sigma-Aldrich, with the exception of H1152 (Alexis Chemical).
Statistical analysis. Data are presented as means Ϯ SE. Responses of multiple muscle strips from a given animal treated similarly were averaged, and n represents numbers of mice per group. Both spontaneous phasic and tonic contractions were measured. To account for both frequency and tension, the phasic contractions were measured as area under the curve in grams tension ϫ time (s). For tonic contractions to KCl, maximal peak and steady-state contractions were measured in grams tension. Functional responses of myometrium were compared by analysis of variance, followed by the Student t-test. To determine the percentage of the contraction mediated by activation of Rho kinase, the contraction in the presence of the Rho kinase inhibitor was subtracted from and then divided by the baseline contraction. Other data were compared using ANOVA with Tukey's honestly significantly different or unpaired Student's t-test. Significance was defined as P Ͻ 0.05.
RESULTS
Body weight and glucose tolerance in NP and P18 mice. In NP mice, there were no differences in fasting basal glucose levels between WT and db/ϩ mice, although db/ϩ mice weighed more (Table 1) . The difference in weight was likely due to age, since the NP db/ϩ mice were slightly older than the NP WT mice (Table 1 ). There were no differences in glucose tolerance tests in NP mice regardless of the diet fat content (Fig. 1A) . All P18 mice weighed significantly more than their corresponding NP controls, but there were no significant differences in weight among the P18 groups (Table 1 ). All P18 mice on the normal fat diets had similar basal glucose levels and glucose tolerance tests (Table 1 and Fig. 1B ). 
Values are means Ϯ SE. NP, nonpregnant; P18, pregnancy day 18; WT, wild type. *P Ͻ 0.05 vs. respective NP; †P Ͻ 0.05 vs. WT NP.
Since GDM has been associated with multiparity and increased age, we attempted to unmask a GDM phenotype in db/ϩ mice on ND by repeatedly breeding (2-3 times) or using aged db/ϩ mice. Neither of these interventions altered glucose tolerance tests in P18 db/ϩ mice, and thus data from all db/ϩ mice on normal fat diets were combined.
Although placing db/ϩ mice on a HF diet did not affect fasting glucose levels or weights (Table 1) , it markedly altered glucose utilization in P18 (but not NP) db/ϩ compared with WT and db/ϩ on ND (Fig. 1B) . In P18 db/ϩ mice on HF, glucose levels were higher than those in WT and db/ϩ on ND at every time point. Thus, HF diet alone was not sufficient to interfere with glucose utilization in NP mice, even when leptin receptor expression was reduced. It was only when HF was combined with reduced leptin receptor expression and pregnancy that glucose utilization was abnormal.
Spontaneous phasic contractions in NP and P18 WT and db/ϩ mice. Since myometrium exhibits spontaneous phasic contractions, we compared these contractions in WT and db/ϩ mice. In NP mice, the spontaneous phasic contractions generated by myometrium were similar regardless of genotype or diet ( Figs. 2A and 3A) . In P18 mice, the only significant elevation in these contractions occurred in myometrium of db/ϩ mice maintained on the ND ( Figs. 2A and 3A) . A comparison of the spontaneous phasic contractions in myometrium from NP and P18 mice revealed that there were no differences between the WT mice and the db/ϩ mice on HF diet.
Tonic myometrial contractions in WT mice. To determine whether the forceful tonic contractions that are necessary for parturition are affected by leptin receptor deficiency, we compared responses to depolarization by KCl. Myometrial strips isolated from NP WT mice rapidly contracted in response to KCl, but the peak contraction was not sustained (Fig. 2B, black  lines) . The steady-state tonic contraction to KCl was ϳ35% of the peak contraction and was maintained for Ն15 min (peak 1.04 Ϯ 0.14 g vs. steady state 0.34 Ϯ 0.07 g; Fig. 2B , black lines, and Fig. 3, B and C) . To assess the contribution of Rho kinase to peak and steady-state KCl-induced tonic contractions, we measured contractions in the presence of a Rho kinase-specific inhibitor H1152 (1 M; Fig. 2B, gray lines) . Although H1152 had no effect on peak KCl-induced contractions, it significantly reduced steady-state tonic contractions (Fig. 2B , gray lines, and Fig. 3, B and C) . In NP WT mice, the contribution of Rho kinase to steady-state contractions of myometrium was 29 Ϯ 7% (Fig. 3D) . Thus, in NP WT mice, Rho kinase activation contributes to maintenance of tonic myometrial contractions but not the initial KCl-induced contraction. There were no differences in either peak or steadystate contractions with repeated KCl administration in any group (steady-state contractions in WT NP: 1st KCl, 0.136 Ϯ 0.020 g; 2nd KCl, 0.163 Ϯ 0.036 g).
In myometrium from P18 WT mice, both peak and steadystate KCl-induced tonic contractions tended to increase relative to NP WT (ϳ60%; Fig. 2B , black lines, and Fig. 3, B and C) . As in the case of NP mice, the contribution of Rho kinase in peak vs. steady-state tonic contractions to KCl differed. Inhibiting Rho kinase with H1152 reduced steady-state contractions without affecting peak contractions (Fig. 2B , gray lines, and Fig. 3, B and C) . The Rho kinase-dependent component of the steady-state contraction was not significantly increased in P18 vs. NP WT mice (40 Ϯ 10%; Fig. 3D ).
Tonic myometrial contractions in db/ϩ mice fed ND. Although contractions in response to KCl tended to be reduced in NP db/ϩ mice on ND, there were no significant differences in either peak or steady-state contractions compared with WT (P Ͻ 0.10; Fig. 2B, black lines, and Fig. 3, B and C) . However, assessment of the Rho kinase-dependent component of the tonic contractions in these mice yielded surprising results; inhibition of Rho kinase had a greater effect on the steady-state contractions (Fig. 3C) . The contribution of Rho kinase to the steady-state contractions was almost double that in the NP WT tissue (57 Ϯ 3 vs. 29 Ϯ 7%; Fig. 3D ).
In P18 db/ϩ mice on ND, both peak and steady-state KCl-induced tonic contractions of myometrium were increased relative to those observed in NP db/ϩ mice, but neither peak nor steady-state contractions differed significantly from P18 WT mice (Figs. 2B and 3, B and C) . In contrast to WT mice, where the Rho kinase component was similar in NP and P18 mice, in db/ϩ mice Rho kinase inhibition had a very small effect on contractions of myometrium from P18 compared with NP mice (Fig. 3, B and C) . In myometrium from P18 db/ϩ mice, the Rho kinase-mediated contribution to KCl-induced steady-state tonic contractions was only 20 Ϯ 5%, in contrast to NP db/ϩ tissue, where the contribution was 57 Ϯ 3% (Fig.  3D) . Thus, in db/ϩ mice on a normal-fat diet, Rho kinase plays Fig. 1 . Glucose tolerance tests in nonpregnant (NP; A) and pregnancy day 18 (P18; B) wild-type (WT) and db/ϩ mice maintained on normal (ND) and high-fat (HF) diets (means Ϯ SE; WT NP n ϭ 5, db/ϩ NP ND n ϭ 5, db/ϩ NP HF n ϭ 5, WT P18 n ϭ 5, db/ϩ P18 ND n ϭ 11, db/ϩ P18 HF n ϭ 6; *P Ͻ 0.05 vs. WT and db/ϩ on ND). a smaller role in maintaining tonic contractions in late gestation compared with the nonpregnant condition.
Tonic myometrial contractions in P18 db/ϩ mice fed a diet high in fat. To examine effects of abnormal glucose utilization and leptin receptor deficiency, we measured contractile function in myometrium from db/ϩ mice maintained on HF diet (Fig. 1) . In NP db/ϩ mice on a HF diet, both peak and steady-state tonic contractions to KCl were not different from db/ϩ on ND (Figs. 2B and 3, B and C) . Thus, HF diet had no effect on myometrial function of NP db/ϩ mice. In P18 db/ϩ mice on a HF diet, contractions to KCl were also similar to those in P18 WT and db/ϩ mice on ND (Figs. 2B and 3 , B and C). Both peak and steady-state KCl-induced myometrial tonic contractions were greater than those in NP db/ϩ mice on a HF diet but did not differ significantly from those in P18 WT or db/ϩ mice on ND (Figs. 2B and 3, B and C) . Inhibition of Rho kinase decreased steady-state contractions to KCl, but the Rho kinase component of contractions of myometrium from db/ϩ mice on a HF diet differed from db/ϩ mice on a ND. The Rho kinase component of the steady-state tonic contractions to KCl was no longer different from WT mice and did not change in late gestation (Fig. 3D) . Surprisingly, Rho kinase inhibition also significantly reduced the peak KCl-induced contraction in these mice (Fig. 3A) . Thus, the HF diet partially restored the Rho kinase contribution to myometrial contractions during pregnancy in db/ϩ mice.
Expression of RhoA and Rho kinase in myometrium. To determine whether altered expression of the two Rho kinase isoforms present in the myometrium accounts for the observed differences in Rho kinase-mediated myometrial function in mice with leptin deficiency, we compared expression of these proteins in myometrial tissue. Consistent with an increase in the contribution of Rho kinase in myometrial contractions in NP db/ϩ mice (Fig. 3C) , both ROCK1 and ROCK2 were expressed at higher levels in myometrium from NP db/ϩ mice compared with NP WT mice (Fig. 4) . In myometrium from NP db/ϩ mice, ROCK1 expression was ϳ1.5-fold greater and ROCK2 expression twofold greater than in WT mice. In WT mice, the effects of pregnancy on expression of the two ROCK isoforms differed; at P18, myometrial ROCK2 expression was ϳ1.5-fold higher, and ROCK1 was one-half of the level in NP myometrium (Fig. 4) . These changes in Rho kinase expression in WT mice late in pregnancy are consistent with the lack of a significant change in the contribution of Rho kinase to contractile function at P18 (Fig. 3D) . In contrast to WT mice, expression of both ROCK1 and -2 decreased in P18 db/ϩ (on both ND and HF diet) compared with NP, although the decrease in ROCK1 in P18 mice with HF diet and ROCK2 in P18 mice with ND did not attain significance (P Ͻ 0.07 each vs. NP db/ϩ; Fig. 4) . The changes in expression of ROCK1 and ROCK2 in myometrium from P18 db/ϩ mice are consistent with the observed reduction in the contribution of Rho kinase to myometrial function in P18 db/ϩ mice on either diet. These data would suggest that leptin receptor deficiency is the primary cause of the changes in both the expression and function of myometrial Rho kinase. To determine whether the observed changes in ROCK protein expression in mice with leptin receptor deficiency and in pregnant WT mice were specific for Rho kinase, we compared expression of the upstream regulator of Rho kinase activity, RhoA, in myometrium from NP and P18 WT and db/ϩ mice. In contrast to the expression of Rho kinase, RhoA did not differ in myometrium from NP db/ϩ and NP WT mice or P18 WT and db/ϩ mice regardless of diet (Fig. 5) . However, as in the case of ROCK expression, RhoA expression was significantly decreased in myometrium isolated from P18 db/ϩ mice independent of leptin receptor or diet (Fig. 5) . Because of the variability in expression in the NP WT myometrium, pregnancy had no effect on the expression of RhoA in these mice (Fig. 5) . Thus, whereas RhoA expression is attenuated by pregnancy, leptin receptor deficiency primarily affects expression of Rho kinase.
DISCUSSION
Both our functional results and expression data suggest that the role of Rho kinase signaling in maintaining myometrial function is most pronounced in NP mice with reduced leptin signaling. We did not observe a difference in spontaneous phasic contractions in myometrium from NP mice of the WT vs. db/ϩ genotypes. Given this finding and the fact that Rho kinase does not to contribute significantly to phasic myometrial contractions (22), we did not examine the contribution of Rho kinase to spontaneous contractions. Although the present study showed that expression of both Rho kinase isoforms was markedly elevated in mice heterozygous for the leptin receptor gene, the increased expression did not result in enhanced tonic contractions. In fact, tonic contractions of myometrium from db/ϩ mice tended to be lower than WT, suggesting that other mechanisms regulating contractile function are downregulated in the leptin receptor-deficient animal. Nevertheless, when leptin receptor-deficient mice were near term, the tonic contractions and the Rho kinase component of the contractions were similar to WT mice. Hyperglycemia in late pregnancy had no effects on protein expression but appeared to restore Rho kinase function to levels found in wild-type states.
Contribution of leptin vs. glucose in regulating Rho kinase function. Our data suggest that leptin signaling plays a greater role than hyperglycemia in regulating myometrial Rho kinase activity. This conclusion is based on several findings. First, expression and function of Rho kinase were increased in myometrium from NP db/ϩ mice with reduced leptin signaling, but glucose utilization was similar compared with NP WT. This suggests that leptin normally suppresses Rho kinase expression and function. Second, the expression of RhoA and Rho kinase and their contributions to contractile function were reduced late in gestation in myometrium from P18 db/ϩ mice on ND compared with NP mice in the absence of hyperglycemia or altered glucose utilization. However, when db/ϩ mice were placed on HF diet to induce abnormal glucose utilization, ROCK function was markedly reduced. These findings differ from those for WT mice and suggest that abnormal leptin signaling in the absence of a change in glucose levels results in changes in the expression and function of Rho kinase in these mice. In WT and db/ϩ mice, leptin levels increase throughout pregnancy, but the increase is greater in heterozygous leptin receptor-deficient mice, perhaps to compensate for reduced leptin signaling (8, 17, 23) . The importance of the observed shift in the contribution of RhoA/Rho kinase to myometrial contractile function is unclear but may in part underlie abnormal contractile function that results in overweight and obese women who have higher than normal leptin levels, experience difficulties in implantation, and are unable to successfully deliver at term. It is possible that the elevated leptin levels suppress Rho kinase expression late in gestation, resulting in an inability to generate tonic contractions needed for delivery.
Role of leptin signaling in myometrial function. Our results suggest that reduced leptin signaling in the context of hyperglycemia positively influences Rho kinase expression. Given that leptin receptor expression should be reduced in the heterozygous mouse, leptin signaling should also be reduced despite an increase in circulating levels of leptin. Normal pregnancy is characterized not only by a rise in leptin levels but also by a shift in the expression of leptin receptor isoforms (1) . In pregnant rodents, hypothalamic levels of the long isoform of the receptor (which is completely absent in homozygous db/db mice) decrease, whereas those of the short isoforms of the receptor increase (1). In type 1 diabetes, levels of the short isoform are higher than normal, whereas levels of the long isoform are normal (1, 14) . Although there is little evidence for leptin receptor deficiency in humans, polymorphisms in the long receptor isoform are associated with GDM (40) and may contribute to the complications associated with pregnancy in Fig. 4 . Representative Western immunoblots of Rho kinase (ROCK1 and -2) and ␤-actin (loading control) (A) and mean expression levels of ROCK1 and -2 (B) normalized to ␤-actin in myometrium from NP and P18 WT and db/ϩ mice on ND or HF diet (means Ϯ SE; n ϭ 4 -5/group). *P Ͻ 0.05 vs. respective NP group, †P Ͻ 0.05 vs. NP WT group. GDM. Our mouse model represents a similar scenario, since it is heterozygous for the long receptor. The functional consequence of a shift in expression of leptin receptor subtypes during pregnancy is unknown but could potentially contribute to the onset of labor. Currently, attempts to measure the levels of specific leptin receptor isoforms at the protein level are hampered by the lack of antibodies with the required specificity, although message for long and short isoforms of the leptin receptor is present in myometrium of humans and mice (4, 14) . Initially, the short isoforms of the leptin receptor were believed to be inactive; however, studies show that they serve as transporters for leptin and are coupled to downstream signaling pathways distinct from those coupled to the long isoform (15, 18) . Also, the circulating soluble form of the short receptors acts as a sink to sequester leptin and to prevent it from activating other receptors. Although the NP db/ϩ mice used in this study likely express reduced levels of the long isoform, the increase in levels of circulating leptin could potentially activate the other receptor subtypes that are present (8, 27, 42) . Advances in the availability of tools to dissect the molecular regulation of leptin and its receptors should ultimately make their physiological roles clearer.
Experimental model: heterozygous leptin receptor-deficient mouse. The present study took advantage of the heterozygous leptin receptor-deficient mouse Lepr db/ϩ (db/ϩ), which is thought to represent a model of GDM (17, 19, 42, 43) . This mouse has a spontaneous mutation that results in deletion of the long form of the leptin receptor gene, rendering homozygotes completely deficient for the leptin receptor (33) . Heterozygotes are thought to develop a form of GDM that closely mimics the human condition; the db/ϩ mothers gain excess weight, are glucose intolerant, and have elevated levels of Hb A 1c , and the offspring have increased levels of insulin and are macrosomic (17, 19, 26) . Pregnant db/ϩ mice also express higher levels of leptin than their WT counterparts, most likely because of the increase in fat mass (8, 17) .
The GDM phenotype in db/ϩ mice is dependent on several factors, including genetic background and diet (13) . Genetic background has a marked influence on development of obesityinduced diabetes in the homozygous mouse (5, 6, 13) . It also influences the phenotype of WT mice used for comparisons. Because the db locus is closely linked to the misty (m) mutation for coat color that lies on the same chromosome and in repulsion to the db allele, it is used as a marker for predicting the db phenotype (6, 39) . Although the original publications suggest that the Dock7 m (or m) mutation had no independent effects on the phenotype of db/ϩ or db/db mice, subsequent studies and our own preliminary data from mice homozygous for the m mutation (Dock 7m /Dock 7m ) demonstrated that these mice weigh less and have less brown adipose mass than other "WT" mice (39) . Differences in development of glucose intolerance, hyperinsulinemia, body weight, mortality, and islet cell morphology have also been reported between db/db mice with and without the m mutation (5, 6) . In our preliminary studies, Dock 7m /Dock 7m mice were poor breeders (data not shown), suggesting that the m mutation may also affect the ability to conceive or support implantation. Thus, in the current study we used C57BLKS/J mice, the background strain for the db/ϩ mouse, as WT controls. Because the onset of GDM is linked with multiparity and increased age (9, 30, 37, 38), we carried out multiple breedings (2-3 litters) and also bred older mice; however, we were unable to reliably reproduce GDM in mice heterozygous for the leptin receptor. Last, we tested the effects of a diet high in fat since diet composition plays a substantial role in the phenotype of the db/db mouse (13) and could potentially contribute to abnormal glucose utilization in pregnant db/ϩ mice. However, the nonpregnant heterozygous db/ϩ mice maintained on ND and HF diets and also P18 db/ϩ mice on ND did not exhibit abnormal glucose utilization. Only db/ϩ mice maintained on the HF diet during breeding and pregnancy developed glucose intolerance. The db/ϩ mice were not on the HF diet long enough to become obese. Surprisingly, it was in P18 db/ϩ mice on the ND and not the HF diet that the effects of RhoA/Rho kinases differed from those in WT mice. Thus, we conclude that the primary factor that influences the contribution of RhoA/Rho kinase pathway signaling on myometrial function in pregnancy is leptin signaling. Further study of the roles of specific leptin receptor subtypes in regulating leptin's effect on the myometrium may provide important clues to therapeutic options for controlling delivery in overweight or obese women.
